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(54) MOTOR DRIVING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a motor driving device that 
can reduce switching loss and noise. 

SOLUTION: In a driving control device 10 that has a switching 

element 1 5 for switching a driving power supply, and allows a motor M 

to be subjected to PWM control for driving, a resonance circuit 14 

and a control part 12 are provided. The resonance circuit 14 is 

connected to a motor coil ML in the motor M and a switching element _ 

15, and is composed of a resonance capacitor Cr and a resonance ow If 

coil Lr connected to the resonance capacitor Cr in parallel. The 

control part 1 2 is arranged between the resonance circuit 1 4 and the 

switching element 1 5, and is equipped with a non-return diode for 

allowing current to flow simply from the side of the resonance circuit c =vH 

14 to that of the switching element 15, and a function for carrying out 

switching operation to a time region Tc where a negative resonance 

voltage or the resonance current is supplied when a resonance 

voltage or current generated by the resonance circuit 14 is supplied 

to a non-return diode 20. 
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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the motorised equipment for driving a brushless 

motor. 

[0002] 

[Description of the Prior Art] Drawing 6 is the circuit diagram showing an example of 
conventional motorised equipment, and explains motorised equipment 1 with reference to 
drawing 6 . Carry out PWM (pulse width modulation) control, the motorised equipment 1 of 
drawing 6 makes Motor M drive, and, therefore, motorised is controlled for the output transistor 
2 by carrying out ON/OFF. It is MOSFET and, as for the output transistor 2, the switching signal 
Vin which becomes the gate from a predetermined frequency is inputted. ON/OFF of the output 
transistor 2 is controlled based on this switching signal Vin. Moreover, the self-inductance of the 
motor coil ML presupposes that it is large enough in an PWM frequency, and it can be 
considered that a motor current is fixed at the 1 round period of switching. 

[0003] Drawing 7 is the wave form chart showing switching signal Vin in the output transistor 2, 
the transistor electrical potential difference Vds, and the transistor current Ids, and explains the 
example of motorised equipment 1 of operation with reference to drawing 6 and drawing 7 . If a 
switching signal Vin will be in an OFF condition (from a high condition to a low condition) from 
ON condition ( drawing 7 (A)), the transistor electrical potential difference Vds impressed 
between source-drains goes up [ transition-time deltat ] gradually from 0 (V) to the fixed 
electrical potential difference Vc ( drawing 7 (B)). On the other hand, commutation of the 
current to which the transistor current Ids which flows between a source-drain was flowing in the 
motor coil ML is carried out to the commutation diode 3, and it is set to 0 (A) by transition-time 
deltat ( drawing 7 (C)). 

[0004] if similarly the switching electrical potential difference Vin will be in ON condition (from 
a low condition to a high condition) from an OFF condition ( drawing 7 (A)) — the transistor 
electrical potential difference Vds — transition-time deltat — gradually — Shimo — ****-- it is set 
to 0 (V) ( drawing 7 (B)). On the other hand, the transistor current Ids also goes up [ transition- 
time deltat ] gradually, and serves as the predetermined current value Ic ( drawing 7 (C)). 
[0005] 

[Problem(s) to be Solved by the Invention] In case switching operation is performed as 
mentioned above, the transistor electrical potential difference Vds and the transistor current Ids 
need only transition-time deltat. In this transition-time deltat, neither the transistor electrical 
potential difference Vds nor the transistor current Ids is 0 (V) or 0 (A). Therefore, in case it 
switches, in the output transistor 2, power loss (switching loss) occurs and only the time 
quadrature of delta Vdsxdelta Ids is emitted as heat. 

[0006] By the way, in case PWM control of the motor M is carried out, in order to reduce an 



1 



audible noise, it is desirable to set up the frequency (switching frequency) of a switching signal 
Vin sufficiently more highly than an audible frequency range. However, when a switching 
frequency is set up highly, the switching loss mentioned above increases and there is a problem 
that the effectiveness of a motor will fall. Namely, the more a switching frequency becomes 
high, the more the switching loss by switching operation will occur. Therefore, a switching 
frequency has the problem that it cannot set up sufficiently more highly than audio frequency. 
[0007] Moreover, in PWM control of Motor M, slew rate control is performed as a cure against a 
radiation noise. Here, reduction of a noise is aimed at when the bottom of starting at the time of 
carrying out switching operation of the slew rate control or **** carries out ** slowly. In order 
to reduce a radiation noise, it is desirable to make a slew rate small. However, when slew rate 
control is dropped, switching loss increases and there is a problem that the effectiveness of 
Motor M will fall. 

[0008] Then, this invention cancels the above-mentioned technical problem, and it aims at 
offering the motorised equipment which can reduce switching loss and a switching noise. 
[0009] 

[Means for Solving the Problem] In the drive control unit which the above-mentioned purpose 
has the switching element which carries out switching control of the drive power source 
according to invention of claim 1, and PWM control is carried out [ control unit ] and makes a 
motor drive The resonance circuit which consists of a resonance coil which is connected to the 
motor coil in said motor, and said switching element, and was connected to said resonant 
capacitor, resonant capacitor, and juxtaposition, When the resonance voltage or the resonance 
current produced by said resonance circuit to the antisuckback diode and said antisuckback diode 
for passing a current only by being arranged between said resonance circuits and said switching 
elements and going to said switching element side from said resonance circuit side is supplied, It 
is attained by the motorised equipment which has the control section which has the function to 
perform switching operation to the time domain to which said negative resonance voltage or said 
resonance current is supplied. 

[0010] According to the configuration of claim 1, when a switching element carries out 
switching operation, the energy stored in the motor coil in a motor is moved to a resonance 
circuit, and resonance starts by the resonance circuit. Here, when a current is resonated, in the 
time domain where the resonance current becomes negative, the current which flows a switching 
element becomes zero with antisuckback diode. On the other hand, when resonating an electrical 
potential difference, in the time domain where resonance voltage becomes negative, the electrical 
potential difference of a switching element is kept constant by antisuckback diode. 
[001 1] Switching operation of the switching element is carried out by the control section in this 
time domain. Then, when a current is resonated, the condition of zero goes up [ the flowing 
current / the electrical-potential-difference value ] the switching element gradually. On the other 
hand, when resonating an electrical potential difference, and switching operation is carried out, 
the electrical potential difference of a switching element becomes zero, but the current which 
flows a switching element will come to flow, if the resonance current just changes from negative. 
Thus, in case a switching element performs switching operation, reduction of switching loss and 
a switching noise will be achieved by making it either an electrical potential difference or a 
current maintain at zero. 
[0012] 

[Embodiment of the Invention] Hereafter, the gestalt of suitable operation of this invention is 
explained to a detail based on an accompanying drawing. In addition, since the gestalt of the 



2 



operation described below is the suitable example of this invention, desirable various limitation 
is attached technically, but especially the range of this invention is not restricted to these 
gestalten, as long as there is no publication of the purport which limits this invention in the 
following explanation. 

[0013] Drawing 1 is the block diagram showing the gestalt of desirable operation of the 
motorised equipment of this invention, and explains motorised equipment 10 with reference to 
drawing 1 . The motorised equipment 10 of drawing 1 consists of output transistor 15 grades 
which are the motor current Monitoring Department 1 1, a control section 12, the voltage-current 
Monitoring Department 13, a resonance circuit 14, and a switching element. Motorised 
equipment 10 is made to drive, carrying out PWM control of the motor M, and this motor M is a 
brushless motor. 

[0014] The motor current Monitoring Department 1 1 has the function which detects the current 
which flows the motor coil ML of Motor M, and is sent to a control section 12. The voltage- 
current Monitoring Department 1 3 detects the transistor current Ids and the transistor electrical 
potential difference Vds in the output transistor 15, and has the function sent to a control section 
12. A control section 12 sends a switching signal Vin to the output transistor 15 based on the 
signal sent from the motor current Monitoring Department 1 1 and the voltage-current Monitoring 
Department 13. The control section 12 has the function to perform switching operation in the 
predetermined time domain Tc here so that it may mention later. 

[0015] Drawing 2 is the circuit diagram showing the resonance circuit 14 and the circumference 
part of the output transistor 15 in the motorised equipment 10 of drawing 1 , and explains 
motorised equipment 10 with reference to drawing 2 . In the motorised equipment 10 of drawing 
2 , the output transistor 15 is electrically connected with the motor coil ML of Motor M. The 
resonance circuit 14 is arranged between this motor coil ML and the output transistor 15. The 
resonance circuit 14 consists of a resonance coil Lr and a resonant capacitor Cr, and the 
resonance coil Lr and the resonant capacitor Cr are connected to juxtaposition. For example, the 
resonance circuit 14 and the output transistor 15 are connected to the serial, and the output 
transistor 15 has the function which controls ON/OFF of the current supplied to a resonant 
capacitor Cr. 

[0016] Here, the output transistor 15 is MOSFET and a switching signal Vin is sent to the gate 
from a control section 12. When a switching signal Vin is in a High condition, the gate will be in 
an OFF condition, the transistor current Ids flows between source-drains and the transistor 
electrical potential difference Vds is set to 0 (V). On the other hand, when a switching signal Vin 
is in a Low condition, the gate will be in an OFF condition, the transistor electrical potential 
difference Vds between source-drains becomes the predetermined value Vc, and the transistor 
current Ids is set to 0 (A). The antisuckback diode 20 is inserted between the resonance circuit 14 
and the output capacitor 15. This antisuckback diode 20 has the function to pass a current from a 
resonance circuit 14 only to the output transistor 15. 

[0017] Drawing 3 is drawing showing the wave of switching signal Vin in drawing 2 , the 
transistor electrical potential difference Vds, and a transistor current, and explains the example of 
motorised equipment 10 of operation with reference to drawing 3 from drawing 1 . First, 
reference is made about the time of a switching signal Vin changing into an OFF condition from 
ON condition ( drawing 3 (A)). Since the current stored in the motor coil ML and the resonance 
coil Lr is altogether sent to a resonant capacitor Cr while the transistor current Vds is kept at 0 
(A), the transistor current Ids is set to 0 (V). At this time, the transistor current Ids is 0 (A), and 
since the transistor electrical potential difference Vds is also 0 (V), switching loss does not arise. 
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[0018] Next, while resonance starts in a resonance circuit 14, resonance voltage Va draws a sine 
wave (sin curve) and the transistor electrical potential difference Vds of drawing 3 (B) also 
draws a sine wave, it goes up. And when resonance voltage Va falls by the sine wave by 
resonance, the transistor electrical potential difference Vds will be maintained at the fixed 
electrical-potential-difference value Vc by the antisuckback diode 20. 

[0019] It is made for a switching signal Vin to be in ON condition from an OFF condition by the 
control section 12 of drawing 1 in the time domain Tc where resonance voltage Va is negative. 
Then, although the transistor electrical potential difference Vds is set to 0 (V), since resonance 
voltage Va is negative, a current does not flow to the antisuckback diode 20. For this reason, the 
transistor current Ids which flows to the output transistor 15 is kept at 0 (A). At this time, 
switching loss delta Vdsxdelta Ids when a switching signal Vin changes into ON condition from 
an OFF condition becomes zero. 

[0020] Then, if resonance voltage Va just changes from negative, a current will flow into the 
antisuckback diode 20. Then, the transistor current Ids goes up and it becomes the predetermined 
current value Ic. Since the transistor electrical potential difference Vds is kept at 0 (V) at this 
time, switching loss delta Vdsxdelta Ids becomes zero. 

[0021] Thus, when resonating an electrical potential difference, in case a switching signal Vin 
changes in the ON condition from the OFF condition from ON condition, or an OFF condition 
(electrical-potential-difference resonance mode), the transistor electrical potential difference Vds 
can always be maintained at zero (ZVS:Zero Voltage Switching). Thereby, switching loss can be 
reduced and Motor M can be driven efficiently. Moreover, a switching frequency can be highly 
set up by reducing switching loss. Furthermore, it is already well-known by performing ZVS that 
a radiation noise is reduced, therefore, the thing for which resonance is used for PWM control of 
a motor — the bad influence to circumference circuits, such as the sensor section sensitive to a 
radiation noise, — a knife ~ ****** i s made. 

[0022] Drawing 4 is the circuit diagram showing the gestalt of another operation of the 
motorised equipment of this invention, and explains motorised equipment 100 with reference to 
drawing 4 . In addition, the same sign is given to the part which has the same configuration as 
drawing 1 and the motorised equipment 10 of drawing 2 in the motorised equipment 100 in 
drawing 4 , and the explanation is omitted to it. In the motorised equipment 100 of drawing 4 , 
the output transistor 15 is electrically connected with the motor coil ML of Motor M. The 
resonance circuit 14 is arranged between this motor coil ML and the output transistor 15. The 
resonance circuit 14 consists of a resonance coil Lr and a resonant capacitor Cr, and the 
resonance coil Lr and the resonant capacitor Cr are connected to juxtaposition. And the 
resonance circuit 14 and the output transistor 15 are connected to the serial, and the output 
transistor 15 has the function which controls ON/OFF of the current supplied to the resonance 
coil Lr. Moreover, between the resonance circuit 14 and the motor coil ML, the antisuckback 
diode 16 for preventing the back flow of the current by the side of Motor M is inserted. 
[0023] Drawing 5 explains the example of motorised equipment 100 actuation with reference to 
drawing and drawing 5 which show the wave of switching signal Vin in the motorised equipment 
10 of drawing 4 , the transistor electrical potential difference Vds, and the transistor current Ids, 
and drawing 6 . First, as shown in drawing 5 (A), a switching signal Vin changes to ON 
condition from an OFF condition. Then, while the transistor electrical potential difference Vds of 
drawing 5 (C) is set to 0 (V), the transistor current Ids is kept at 0 (A) with the resonance coil Lr. 
Here, since the transistor electrical potential difference Vds is also 0 (V) while being 0 (A), 
switching loss does not produce the transistor current Ids. 
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[0024] Then, resonance starts in a resonance circuit 14, and the resonance current la of the 
antisuckback diode 20 goes up, while going up by the sine wave (sin curve), and the transistor 
current Ids also draws a sine wave. Next, if the resonance current la changes to negative from 
forward, the transistor current Ids will be set to 0 (A) with the antisuckback diode 20. Within the 
limits of the time domain Tc 1 which has required the reverse bias for this antisuckback diode 
20, a control section 12 sends a switching signal Vin to the output transistor 15 so that a 
switching signal Vin may change to an OFF condition from ON condition. 
[0025] Then, when the transistor electrical potential difference Vds rises gradually and the diode 
current la just changes from negative, the transistor electrical potential difference Vds becomes 
the predetermined electrical-potential-difference value Vc. Here, since it is kept at 0 (A), the 
transistor current Ids does not produce switching loss. 

[0026] Thus, when resonating a current and a switching signal Vin will be in an OFF condition 
from ON condition from an OFF condition, or ON condition using a resonance circuit 14 and the 
antisuckback diode 20 (current resonance mode), the transistor current Ids can always be 
maintained at zero (ZCS:Zero Current Switching). Thereby, switching loss can be reduced and 
Motor M can be driven efficiently. Moreover, a switching frequency can be highly set up by 
reducing switching loss. Furthermore, it is already well-known by performing ZCS that a 
radiation noise is reduced, therefore, the thing for which resonance is used for PWM control of a 
motor — the bad influence to circumference circuits, such as the sensor section sensitive to a 
radiation noise, — a knife — ****** is made. 

[0027] According to the gestalt of the above-mentioned implementation, switching loss delta 
Vdsxdelta Ids which produces Motor M by carrying out PWM control at the time of switching 
can be made into zero using resonance, and switching loss can be suppressed very low. For this 
reason, even when a switching frequency is raised, the increment in switching loss can be 
suppressed. On the other hand, since generation of heat from motorised equipment 10 is 
controlled by suppressing switching loss, the small package of permissible power loss can be 
used. Moreover, since the radiation noise from a switching circuit can be reduced by ZVS and 
ZCS, the bad influence to circumference circuits, such as sensitive ********, can also be 
reduced in a radiation noise by using resonance for PWM control of Motor M. 
[0028] The gestalt of operation of this invention is not limited to the gestalt of the above- 
mentioned implementation. For example, in drawing 1 and the motorised equipment 10,100 of 
drawing 4 , although a part of so-called full bridge drive circuit is shown, a drive circuit gestalt 
and a motor coil source resultant pulse number are not limited to this. 
[0029] 

[Effect of the Invention] As explained above, according to this invention, the motorised 
equipment which can reduce switching loss and a switching noise can be offered by using a 
resonance circuit. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the drive control unit which it has the switching element which carries out switching 
control of the drive power source, and PWM control is carried out [ control unit ] and makes a 
motor drive The resonance circuit which consists of a resonance coil which is connected to the 
motor coil in said motor, and said switching element, and was connected to said resonant 
capacitor, resonant capacitor, and juxtaposition, The antisuckback diode for passing a current, 
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only by being arranged between said resonance circuits and said switching elements and going to 
said switching element side from said resonance circuit side, Motorised equipment by which it is 
having [ in case the resonance voltage or the resonance current produced by said resonance 
circuit to said antisuckback diode is supplied ] -control section which has function to perform 
switching operation to time domain to which said negative resonance voltage or said resonance 
current is supplied characterized. 

[Claim 2] Said switching element is motorised equipment according to claim 1 which has the 
function which controls the current supplied to said resonant capacitor. 
[Claim 3] Said switching element is motorised equipment according to claim 1 which has the 
function which controls the current supplied to said resonance coil. 
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